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The effects of various kinds ofimpurities, AI, In, Si, Te, and Zn, on the dynamic behavior of 
dislocations in GaAs crystals are investigated. The dislocation generation from a surface 
scratch is suppressed by the doping of the impurities. Generally, the suppression effect of any 
given kind of impurities depends on the type of dislocations to be generated. However, no 
systematic dependence on the size misfit or the electrical activity of the impurity atom is found 
in the suppression efficiency. The immobilization of originally fresh dislocations due to aging 
at elevated temperature is investigated. The results are interpreted to be due to the gettering of 
impurities by the dislocations. The feature of the suppression effect in dislocation generation is 
well correlated to that of the dislocation immobilization due to impurity gettering. It is 
concluded that the suppression of dislocation generation by impurity doping originates from 
dislocation immobilization due to impurity gettering. Isovalent impurities are found not to 
affect the velocities of dislocations of any type in motion. On the other hand, the effect of 
electrically active impurities on dislocation velocity depends on both the electrical property of 
the impurities and the type of dislocations in motion. 
I. INTRODUCTION 
There are many interesting aspects worth investigating 
on the interaction between dislocations and impurities in 
semiconductors from both fundamental and practical view-
points. Impurity atoms, impurity clusters, and complexes 
dispersed within a crystal affect the motion of a dislocation 
through various mechanisms. If these agents are electrically 
active as donors or acceptors, they affect the concentration 
of carriers and induce the shift of the Fermi leveL Depending 
upon the electronic energy levels associated with a kink on a 
dislocation, this may reduce the activation energy for dislo-
cation motion 1-4 and may result in the enhancement of dislo-
cation motion. On the other hand, extra energy is expended 
when a dislocation passes through the strain field or electric 
field associated with an impurity atom, a cluster, or a com-
plex. Thus, these fields generally retard the motion of dislo-
cations. Empirically, doping of donor impurities results in 
an increase in the velocity of any type of dislocation in Si,5-7 
while the opposite effect is found in GaAs. 8- 12 Doping of 
acceptor impurities gives little effect on the velocity of any 
type of dislocations in Si,5-7 while it results in a drastic in-
crease in the mobility of a specific type of dislocation in 
GaAs.s .. !1 
Stable dislocations glissile in a sphalerite-type crystal 
are the so-called 60· dislocations and screw dislocations. The 
Burgers vector and dislocation line make an angle of 60° in 
the former and an angle of 0" in the latter. Each of these 
dislocations consists of two partial dislocations connected by 
a strip of stacking fault. 60" dislocations are distinguished 
into two types, namely, a and(i dislocations, depending on 
the sign of the Burgers vector. In the case ofGaAs, As atoms 
are located along the core of a dislocations and Ga atoms 
along the core of /3 dislocations. An a dislocation consists of 
a 90· partial dislocation and a 30· partial dislocation, both of 
a type, and a {3 dislocation consists of a 90· partial and a 30° 
partial, both of {3 type. A screw dislocation consists of a 30° 
partial of a type and a 30° partial of /3 type. The atomic 
arrangements at the cores of these partial dislocations are 
shown schematically in Fig, 9 of a previous paper. 12 
Most kinds of impurities are known to be gettered by 
dislocations at rest or moving slowly when a certain thermal 
condition is fulfilled. 13 Such gettering alters the impurity 
distribution in the region around the dislocation and may 
result in inhomogeneities in the electrical and optical proper-
ties of the crystal. The gettering of impurities by a disloca-
tion results in the immobilization of the dislocation since an 
extra force is needed to release the dislocation from the at-
mosphere of gettered impurities. 
It has empirically been known that doping of some kind 
of impurities is effective in reducing the density of grown-in 
dislocations in GaAs. 1417 Recently, it has become possible 
to grow GaAs crystals with diameters up to 10 em which are 
practically free from dislocations by the liquid-encapsulated 
Czochralski (LEe) technique with doping of the In impuri-
ty at concentrations as high as the order of 1020 atoms! 
cm3• 18,19 The present authors have investigated the effects of 
In and Si impurities on the generation behavior of disloca-
tions in GaAs and have shown that the suppression of dislo-
cation generation is closely related to immobilization of dis-
locations due to the impurity gettering. 12 They have also 
investigated the effects of these impurities on the velocity of 
moving dislocations, 12,20.21 On the basis of these results, they 
have reached the conclusion that the In impurity is effective 
in reducing the density of grown-in dislocations through im-
mobilizing the dislocations that are generated from surface 
irregularities under thermal stress. 
It is interesting to know the effects of other kinds of 
impurities on the dislocation generation and immobilization 
of dislocations as well as that on the dislocation velocity in 
GaAs in comparison with those of the In impurity. This 
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paper reports the results of the investigation undertaken 
with such a purpose. 
II. EXPERIMENT 
Specimens were prepared from various GaAs crystals 
un doped or doped with different kinds of impurities. The 
species and the concentration of the main impurities in the 
specimens are given in Table I. 
The specimens were of a rectangular shape, approxi-
mately 3 X 3 X 15 mm} in size, and with the long axis along 
the [110] direction and the surfaces parallel to the (fII) 
and (112) planes. A scratch was drawn on the (fII) or 
(112) surface of the specimen along the [I 10 J direction at 
room temperature with a diamond stylus as preferential gen-
eration centers for a and/1 dislocations or screw dislocations 
as shown in Figs. 1 Ca) and 1 (b). 
The specimen was stressed at an elevated temperature 
by means of three-point bending. The resultant generation 
and motion of dislocations from the scratch were observed 
by the etch-pit technique. 
Fresh dislocations generated from a scratch were sub-
jected to aging at elevated temperature to allow the gettering 
of impurities. The stress needed to start such aged disloca-
tions moving was measured as a function of the stressing 
temperature to investigate the locking efficiencies of various 
kinds of impurities for dislocations. 
The details of the experimental procedure are described 
in a previous paper. 12 
1110 RESULTS 
A. Generation of dislocations from a scratch 
The generation behavior of dislocations from a surface 
scratch has been investigated as a function ofthe stress and 
temperature. In undoped GaAs, dislocations are easily gen-
erated at an elevated temperature even under a stress as low 
as about 1 MPa, which is the lower limit of stress applicable 
with the experimental apparatus used. In GaAs doped with 
some kind of impurities, on the other hand, a critical stress 
has been observed to exist below which no dislocation gener-
ation takes place, This critical stress for dislocation genera-
tion is found to depend on the temperature, the species and 
concentration of impurities, and also sensitively on the type 
of dislocations to be generated, namely, on whether they are 
of a, /3, or screw type. 
Figures 2 (a), 2 (b), and 2 (c) show the critical stresses 
for generation of a, /1, and screw dislocations, respectively, 
TABLE 1. Main impurities in the crystals. 
Concentration 
Crystal Impurity (cm ~J) Growth technique 
Ulldoped GaAs Si 1 X 10" Boat 
GaAs:Zn .~- 1 Zn 9 X 10'" Boat 
GaAs:Zn -~ 2 Zn 2X !O'" Boat 
GaAs:Si Si 4X 10" Boat 
GaAs:Te 'Ie 6X 10" Boat 
GaAs:Al AI 3X 10" LEC 
GaAs:ln In 2X 10'0 LEC 
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FIG. I. Geometry of the specimens for the observation of the behavior of 
(a) a and {3 dislocations and of (b) screw dislocations. 
as functions of temperature in the GaAs crystals doped with 
different kinds of impurities. In GaAs doped with AI, Si, or 
Zn at concentrations shown in the figures, the critical stress 
for a dislocations is low at low temperature and increases 
rather slowly as the temperature increases, becoming appre-
ciable at temperatures higher than about 500°C. Contrarily, 
the critical stress for a dislocations in GaAs doped with In at 
a concentration of 2 X 1020 atoms/em3 or Te at a concentra-
tion of 6 X 1018 atoms/ cm3 is very high at a low temperature 
and decreases with increasing temperature. 
The temperature dependence of the critical stress in 
GaAs doped with In at a concentration of 3 X 1019 atoms/ 
cm3 (Ref. 12) has been found to be very similar to that in Al-
doped GaAs shown in Fig, 2(a). Thus, the peculiar depen-
dence of the critical stress on the temperature in In-doped 
GaAs seen in Fig. 2 (a) is characteristic of only high concen-
trations of the In impurity at a level of 1020 atoms/cm3• The 
doping of the Te impurity also gives rise to the peculiar tem-
perature dependence of the critical stress. It is surprising to 
note that the Te impurity at a concentration as low as 
6 X 1018 atoms/em] has a suppressing effect on the genera-
tion of a dislocations which is comparable to that of the In 
impurity at a concentration of the order of 1020 atoms/cm.l. 
As to the generation of /1 dislocations, the magnitudes of 
the critical stress are measured to be low at low temperature 
in GaAs doped with In, Si, or Te impurities at concentra-
tions shown in the figure as in the case of a dislocations in 
GaAs doped with AI, Si, or Zn. The critical stress increases 
with temperature in these crystals. In AI-doped GaAs the 
critical stress is observed to be very high at low temperature 
and to decrease rather rapidly with increasing temperature. 
As a consequence, it becomes lower than those in GaAs 
doped with In, Si, or Te at temperatures higher than 700 0C. 
The critical stress in Zn-doped GaAs is high at low tempera-
ture in comparison with GaAs doped wi.th In, Si, or Te, and 
is insensitive to the temperature. Thus, it keeps a high value 
even in the high-temperature range. 
The generation of screw dislocations is seen to be effec-
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FIG. 2. Temperature dependencies of the critical stress for the generation of 
(a) a dislocations, (b) f3 dislocations, and (c) screw dislocations in various 
GaAs crystals. The species and concentration of the main impurities are 
shown ill thc 11gurc. 
tively suppressed at low temperatures in In- or Zn-doped 
GaAs in which the generation of either a or f3 dislocations is 
effectively suppressed. It is interesting to note that the tem-
perature dependence of the critical stress for screw disloca-
tions is rather similar to that for a dislocation in In-doped 
GaAs and to that for fJ dislocations in Zn-doped GaAs. 
Screw dislocations are easily generated at low temperatures 
in Si-doped GaAs where the generation of neither a nor fJ 
dislocations is effectively suppressed. 
We summarize the. effect of impurities on dislocation 
generation in GaAs as follows: The isovalent In impurity 
suppresses the generation of a and screw dislocations prefer-
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entiaHy. However, the effect is limited only for concentra-
tions higher than 1020 atoms/ cm 3• The isovalent Alimpurity 
suppresses the generation of fJ dislocations preferentially. 
The effect in this case appears remarkably only at rather low 
temperatures. The donor impurity Te suppresses the genera-
tion of a dislocations preferentially at a concentration much 
lower than the case of In impurity. Although experiments 
were not done on screw dislocations in AI- or Te-doped 
GaAs, we suppose that the generation of screw dislocations 
is also suppressed in these types of GaAs for the reason dis-
cussed later. A Si impurity acting mainly as the donor seems 
not to be very effective in suppressing the generation of any 
type of dislocations. The previous paperl2 has shown this to 
be related to a low diffusivity ofSi in GaAs. The acceptor Zn 
impurity suppresses the generation of fJ and screw disloca-
tions preferentially. 
80 Dislocation velocity 
The effect of impurities dispersed within a GaAs crystal 
on the velocity of a moving dislocation has been investigated. 
Velocity measurements have been done on the leading dislo-
cation in an array of dislocations generated from a scratch by 
application of a stress pulse. Both the merits and demerits of 
this experimental technique are described elsewhere. 12.21 
Figures 3 (a), 3 (b), and 3 (c) show the velocities of a,,B, 
and screw dislocations, respectively, at 550°C plotted 
against the shear stress in various GaAs crystals. The veloc-
ity of a dislocations is higher than those of f3 and screw 
dislocations by more than one order of magnitude in un-
doped GaAs. The velocities of {J dislocations and band screw 
dislocations are almost the same . 
No generation of dislocations takes place under low 
stresses in GaAs doped with a certain kind of impurities as 
has been demonstrated in Sec. III A. The velocity of disloca-
tions is measured to be zero in a low-stress range in such 
GaAs and to increase rapidly with stress once the stress ex-
ceeds the critical stress for generation. In such a case the 
ve1ocity-versus-stress relation usually shows a break at some 
high stress; from there the velocity increases rather slowly 
with increasing stress at approximately the same rate as that 
in undoped GaAs. As will be mentioned in Sec. III C, the 
absence of dislocation generation in impurity-doped GaAs is 
reasonably interpreted as 10 be due to the immobilization of 
dislocations by gettering of the impurities. The rapid in-
crease in the dislocation velocity when stress increases be-
yond the critical stress for the generation may, thus, be relat-
ed to the release process of dislocations from the gettered 
impurities. We believe that the dislocation velocities under 
high stresses after the break reflect the effect of impurities 
dispersed within the crystal on the velocity of dislocations in 
motion. Indeed, it is seen in the figures that the velocity in 
the range after the break shows the stress dependence similar 
to that in GaAs doped with impurities that do not suppress 
dislocation generation, but reduce the dislocation velocity. 
In GaAs doped with an isovalent In impurity, the veloc-
ities of a and screw dislocations after the breaks are a little 
lower than those in undoped GaAs, while the velocity of f3 
dislocations is also slightly lower than that in undoped GaAs 
over the whole stress range investigated. The veiocity of a 
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dislocations in GaAs doped with an isovalent Al impurity is 
approximately equal to that in undoped GaAs over a wide 
stress range, while the same holds for the velocity of f3 dislo-
cations after the break. 
As to the effect of donor impurities, the velocities of all 
the types of dislocations, a, [3, and screw in Si-doped GaAs, 
are much lower than those in un doped GaAs. Such retarding 
effects are observed more remarkably in Te-doped GaAs, in 
which the generation of a dislocations is suppressed. 
A spectacular fact is observed in GaAs doped with an 
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FIG. 3. Velocity-vs-stress relations at 550 'C in various GaAs crystals for 
(a) a dislocations, (h) f3 dislocations, and (e) screw dislocations . 
acceptor Zn impurity. The velocity of a dislocations is mea-
sured to be lower than that in undoped GaAs by an order of 
magnitude at a Zn concentration of9X 1018 atoms/em3• As 
has been seen in Sec. III A, the generation of f3 and screw 
dislocations is suppressed in Zn-doped GaAs. However, the 
velocities of these types of dislocations after the breaks are 
higher than those in undoped GaAs by about an order of 
magnitude. As a result, contrary to GaAs doped with other 
kind of impurities, the velocities of {3 and screw dislocations 
are higher than that of a dislocations under high stresses. 
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This is in agreement with previously published works.S-ll 
It is seen in the above that the impurities effective in 
reducing the dislocation velocity are not effective in sup-
pressing the dislocation generation. Thus, the suppression of 
dislocation generation due to the doping of certain kinds of 
impurities is known not to be related to the reduction in 
dislocation mobility. 
In general the dislocation velocity v in a semiconductor 
crystal is known to be wen described by the foHowing equa-
tion as a function of the stress 7 and the temperature T: 
(1) 
where '10 = 1 MPa and k is the Boltzmann constant. The 
magnitudes of Va' m, and Q determined for a, (3, and screw 
dislocations in various GaAs crystals are given in Table II. 
The magnitudes of m are not given in the case where the 
velocity increases rapidly with the stress up to the break 
since the velocities there are thought not to be the intrinsic 
ones for the reason mentioned above. In such a case only the 
magnitude of Q determined for a stress of 20 MPa is given in 
the table. 
c. Immobilization of dislocations due to impurity 
gettering 
In a previous paper12 the authors verified that the ab-
sence of dislocation generation from a scratch in In-doped 
GaAs is related to the immobilization of dislocations due to 
impurity gettering. In this section some characteristics of 
various kinds of impurities in immobilizing dislocations are 
investigated. 
(a) 
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Fresh dislocations are generated from a scratch and, 
then, are aged at elevated temperatures under no applied 
stress to allow gettering of impurities from surrounding re-
gions. The stress necessary to start such aged dislocations 
moving has been measured as a function of various param-
eters. Such stress is termed the unlocking stress. As demon-
strated in a previous paper,12 the efficiency in gettering de-
pends on the diffusion rate of impurities to be gettered. In 
order to compare the locking abilities of different kinds of 
impurities gettered, the aging condition has to be chosen so 
that sufficient numbers of impurities are gettered by the dis-
locations. In the present work all the specimens have been 
aged at 550°C for 315 min. 
(b) Temperature, 'C 
Figures 4 ( a) and 4 (b) show the unlocking stresses for a 
and /3 dislocations, respectively, measured against the tem-
TABLE II. Magnitudes of vo , m, and Q for a, {3, and screw dislocations. 
a dislocation 
Vo Q Vo 
FIG. 4. Temperature dependencies of the unlocking stress for (a) a disloca-
tions and (b) !3 dislocations in various GaAs crystals aged at 550 'c for 31 5 
min. 
!3 dislocation screw dislocation 
Q Uo Q 
Crystal (m/s) m (eV) (m/s) m (eVj (m/s) m (eV) 
Undoped 1900 1.7 1.30 59 1.6 1.30 120 1.8 1.4 
GaAs:Zn -1 140 2.0 1.40 1.20 
GaAs:Zn -:2 67 2.1 1.40 1.15 l.6 
GaAs:Si 8 1.4 1.10 270 lA 1.60 50 1.9 1.7 
GaAs:Te LIO 8.8 1.5 1.60 
GaAs:Al 1900 1.7 1.3 1.3 
GaAs:ln lAO 83 1.8 l.40 1.3 
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perature of stressing. Except for undoped GaAs the immobi~ 
lization is seen to take place effectively for both a and /3 
dislocations due to the above aging. The unlocking stress 
decreases with the increase in the stressing temperature, 
showing that the unlocking process is thermally activated. It 
is seen that a dislocations are locked more strongly than {3 
dislocations in In-doped GaAs. This is also the case of Te~ 
doped GaAs. Contrarily, {3 dislocations are locked more 
strongly than a dislocations in GaAs doped with Al or Zn. 
In Si-doped GaAs, a and {3 dislocations are locked at ap-
proximately the same strengths. These locking characteris-
tics correspond well to the dependence of the critical stress 
for dislocation generation on the species of impurities seen in 
Sec. III A. Although no experiment was conducted, we 
think the similar locking characteristic to be valid on screw 
dislocations. We may conclude that the suppression of dislo-
cation generation from a scratch originates from the immo-
bilization of dislocations due to impurity gettering. 
IV. DISCUSSION 
In this work it has been found that any kind of impuri-
ties generally gives apparently different effects on disloca-
tions in motion than those at rest. The Zn impurity, for ex-
ample, immobilizes /3 and screw dislocations very effectively 
when they are at rest at elevated temperature, while it en-
hances their motion once they start moving. On the other 
hand, In or Al impurities immobilize a particular type of 
dislocation, while they affect little the velocity of any type of 
dislocations. Thus, we discuss the enhancing/retarding ef-
fect of impurities on the dislocation motion and dislocation 
immobilization effects separately in the following. 
A. Effect of impurities on the dislocation velocity 
It is wen accepted that the strain field of an impurity 
atom due to the size misfit generally gives rise to the retarda-
tion of dislocation motion. Thus, we first check whether the 
characteristics in the impurity effect on dislocation velocity 
reported in Sec. III B can be described in terms of this idea. 
Table HI shows the bond lengths of various kinds of atom 
pairs taken from Phillips' book. 22 It is to be noted that the In 
impurity which has the greatest misfit among others gives 
rise to only a small effect on the dislocation velocity in com-
parison to the others. Thus, we may conclude that the strain 
field around an individual impurity atom plays no essential 
role in retarding the dislocation motion in GaAs. 
Figure 5 shows how the velocities of a, /3, and screw 
dislocations depend on the electrical properties of impurities 
TABLE III. Bond lengths of various kinds of atom pairs. 
Bond Bond length 
(Ga site)-(As site) (A) Ratio 
Ga-··As 2.44 1.00 
Zn-As 2.49 1.02 
AI-As 2.44 1.00 
In-As 2.62 1.07 
Si-As 2.35 0.96 
Ga-Te 2.58 1.06 
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FIG. 5 . Velocities of a,,8, and screw dislocations ullder a stress of20 MPa at 
550"C as dependent on the electrical property of the main impurities. The 
species and concentrations of the main impurities are shown in the figure. 
in a semiquantitative manner. The velocities of dislocations 
shown are those at 550 ·C under a stress of 20 MPa where the 
measured velocities are thought to be almost free from the 
influence of impurity locking. 
The enhancing effect of an acceptor Zn impurity on the 
velocities of {3 and screw dislocations may be regarded to be 
anomalous because the dislocation-impurity interaction 
through the strain field or electrostatic field usually results 
in a reduction in the dislocation velocity. Indeed, the Zn 
impurity retards the motion of a dislocations. This implies 
that the enhancing effect may be related to the electronic 
structure of /3 and screw dislocations. A similar effect has 
been reported on the donor impurity in silicon crystals in its 
effect on the velocities of 60° and screw dislocations. 5· 7 Sev-
eral kinds of mechanisms for the latter effect have been pro-
posed on the basis of the idea that the elementary process in 
dislocation motion is influenced by the Fermi level of the 
crystal. 1-4 Adopting ideas similar to those proposed by 
Hirsch3 and Jones4 for silicon, we may suppose that some 
donor level is associated with a kink on a /3 or screw disloca-
tion in GaAs. If the kink in the stable configuration accom-
panies such a donor level, the equilibrium concentration of 
kinks on the dislocation increases in a p-type crystal: The 
free energy of the system is decreased if such donor electrons 
are taken by the chemical acceptors. In a similar way, if the 
donor level is related to the saddle point configuration in the 
kink motion, the migration energy of a kink is reduced and 
leads to a higher mobility of the kink. In both cases the veloc-
ity of the dislocation is enhanced by the doping of acceptor 
impurities in GaAs. A full understanding of the mechanism 
may be obtained when direct measurements of the kink ve-
locity become available. As mentioned earlier, a {3 disloca-
tion consists of a 90° partial and a 30· partial both of {3 type, 
whife a screw dislocation consists of a 30° partial of a type 
and a 30· partial of {3 type. Since the motion of both {3 and 
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screw dislocations are enhanced by p doping, we may sup-
pose that the mobility of a screw dislocation is mainly con-
trolled by the 30° partial of {3 type rather than that of a type. 
Donor impurities retard the motion of all the types of 
dislocations in a similar way. This seems to suggest that the 
interactions are not of electronic origin as in the case of ac-
ceptor impurities. The retarding effect survives at a tempera-
ture as high as 550 ·C. As has been discussed in a previous 
paper,12 this implies that the magnitude of the concerned 
interaction energy is larger than 3 eV. This value is too high 
to be interpreted in terms of the interaction between a mov-
ing dislocation and individually dispersed impurity atoms. 
We propose the model that the impurities effectively retard-
ing the dislocation motion are in the state of clusters which 
accompany a large strain and give rise to an interaction ener-
gy higher than 3 eV. The concentration of Si impurities de-
termined by atomic absorption spectrometry is higher than 
that offree electrons by a factor of about 1.3. This may be 
interpreted to reflect the fact that some part of the donor 
impurities develops clusters and is electricaIly inactive. The 
Te impurity seems to develop stronger obstacles than the Si 
impurity since the dislocation velocities in Te-doped GaAs 
are much lower than those in GaAs doped with Si at a com-
parable concentration as seen in Fig. 3. A similar argument 
holds also in the effect of the Zn impurity on the velocity of a 
dislocations. We have the picture that some part of the Zn 
impurity also develops dusters that effectively retard dislo-
cation motion at high temperature. lsovalent impurities of 
In and Al have little effects on the motion of aU types of 
dislocations in the temperature range higher than 350 ·C in 
spite of the fact that they immmobilize dislocations at rest 
very effectively. This suggests that these impurities are dis-
persed in the atomic state within a GaAs crystal, not deve-
loping clusters. 
Bo Dislocation Immobilization by impurities 
In Sec. III C, we have concluded that the suppression of 
dislocation generation at flaws by doping of some kinds of 
impurities is related to the immobilization of dislocations 
due to impurity gettering at the dislocation cores. The un-
locking stresses of aged dislocations in Figs. 4 (a) and 4 (b) 
depend approximately linearly on the temperature. A theory 
of thermally activated release of dislocations from locking 
agents gives the following relation between the unlocking 
stress 'r ul and the temperature T: 
'rut = [E - kTln(LN~I/n]N /b 2, (2) 
where E is the maximum value of the interaction energy 
between a dislocation and a locking agent, L is the length of 
the dislocation, N is the mean density of locking agents along 
the dislocation line, v is the vibration frequency of the dislo-
cation, r is the release rate of the locked dislocation, k is the 
Boltzmann constant, and b is the magnitude of the Burgers 
vector of the dislocation. Fitting the data in Figs. 4(a) and 
4(b) to Eg. (2), we obtain the magnitudes of E and N for a 
and f3 dislocations in. various GaAs crystals, which are 
shown in Table IV. The experimentally determined magni-
tudes of E are of the order of 3 e V and are too high to be 
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TABLE IV. Magnitudes of E and N for a and {3 dislocations. 
a dislocation fJ dislocation 
E 111 E 111 
Impurity (eV) (105 em ') (eV) (10' em ') 
Zn 3.1 0.9 2.8 1.5 
Si VI L5 3.1 1.0 
Te 2,9 1.6 3.0 0.8 
Al 3.3 0.2 3.7 0.4 
In 3.0 1.2 3.8 0.3 
interpreted with the model that the dislocation interacts 
with individual impurity atoms. The magnitUdes of IV are 
determined to be of the order of 104-105 em ._.1, being much 
smaller than that expected from the concentration of the 
impurity atoms individually dissolved in the matrix crystal. 
Thus, we are led to the picture that the gettered impurity 
atoms are in the form of precipitatelike particles. 
Impurity atoms dispersed within the matrix crystal are 
thought to reach at the core of dislocation at rest if the tem-
perature is high enough to allow bulk diffusion. Such impu-
rity atoms are expected to move along the dislocation line 
quickly by means of pipe diffusion and to meet each other. 
Then, they will coagulate at some sites discretely separated 
on the dislocation line. 
The suppression of dislocation generation due to the im-
purity doping seen in Sec. III A is thought to be due to the 
fact that dislocations generated around scratches are locked 
by impurities while the crystal is being heated to the test 
temperature. The results in Figs. 2(a) and 2(b) suggest that 
In, Te, and Al impurities have higher diffusivities than Si 
and Zn impurities. No systematic data on diffusivity is avail-
able for the former type of impurities in GaAs at present. 
As we have seen, a dislocations that have rows of As 
atoms along the core are immobilized preferentially by the 
In impurity that occupies the Ga site and also by the Te 
impurity that occupies the As site. On the other hand, /3 
dislocations having rows of Ga atoms along the core are 
preferentially immobilized by At and Zn impurities both oc-
cupying the Ga site. The Si impurity occupying the Ga site 
immobilizes a and {3 dislocations almost in the same way. 
Thus, we are not able to relate the characteristics in the lock-
ing effect to the electrical activities of impurities and disloca-
tions in a systematic manner. It is also impossibie to interpret 
the locking characteristics in terms of the chemical bonding 
energy of the impurity atom and the core atom of disloca-
tion. 
We have given a model to explain why a dislocations are 
preferentially immobilized by the In impurity in a previous 
paper. 12 The fundamental idea of the model is that In atoms 
can occupy the Ga sites which are the nearest neighbors of 
As atoms at the core of a dislocations. Apparently, the same 
mechanism does not account for the characteristics in the 
locking by other kind of impurities. The specialty of the In 
case is that the effect is observable only for In concentrations 
higher than 1020 atoms/ cm 3, which is higher than in the case 
of the other impurities by orders of magnitude. Thus, we 
may think that the locking mechanisms are different be-
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tween the In case and the other cases. It is known that GaAs 
crystals usually involve rather high concentrations of other 
residual impurities such as S, 0, C, and so on. These impuri~ 
ties may play important roles in the locking of dislocations 
by developing complexes with the above kind of impurities 
at the dislocation core. 
As reported in Sec. III A, the generation of screw dislo-
cations is suppressed in GaAs crystals in which the genera-
tion of either a or /3 dislocations is effectively suppressed by 
impurities. For the same reason as that discussed at the end 
of Sec. IV A, it is known that 30° partial dislocations play 
important roles in locking of dislocations by impurities in 
GaAs crystals. 
v. CONCLUSION 
Suppression of dislocation generation from surface 
scratches in GaAs crystals due to impurity doping is well 
related to the immobilization effect of dislocations by impu-
rity gettering. Generally, any given kind of impurity gives 
rise to different immobilizing effects on different types of 
dislocations. However, the immobilization has no systemat-
ic dependence on the size misfit or electrical properties of the 
impurities. Gettered impurities effective in locking disloca-
tions are shown to be in the state of clusters or complexes 
that are distributed discretely along the dislocation line. 
Isovalent impurities such as Al and In dissolved in the 
matrix of a GaAs crystal are distributed rather uniformly 
and do not develop clusters that act as effective obstacles to 
the dislocation motion at elevated temperature. On the other 
hand, donor impurities such as 3i and Te act as very effective 
obstacles to the motion of any type of dislocations, presum-
ably developing dusters or complexes. Acceptor impurities 
such as Zn dissolved in the crystal enhance the motion of f3 
and screw dislocations. This effect may be interpreted in 
terms of the idea that a kink on a partial dislocation of f3 type 
accompanies some donor level. 
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